IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Attorney Docket No. 035905/0104 

In re patent application of 
Thomas H. LEE et al. 

Serial No. 09/927,648 Art Unit: 2818 

Filed: August 13, 2001 Examiner: Unassigned 

For: DENSE ARRAYS AND CHARGE STORAGE DEVICES, AND 

METHODS FOR MAKING SAME 

PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to the first Office Action on the merits, please amend the application 
as follows: 

In the Specification: 

Please amend Page 1 of the specification by replacing the first paragraph after the 
Title with the following paragraph: 

This application is a continuation-in-part of U.S. Application Serial Number 
09/801,233, filed on March 6, 2001, which is a continuation-in-part of U.S. 
Application Serial Number 09/745,125, filed on December 21, 2000, both of 
which are incorporated by reference in their entirety. This application is also a 
continuation-in-part of U.S. Application Serial Number 09/639,579 filed on 
August 14, 2000, which is incorporated by reference in its entirety. This 
application is also a continuation-in-part of U.S. Application Serial Number 
09/639,702 filed on August 14, 2000, which is incorporated by reference in its 
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entirety. This application is also a continuation-in-part c U.S. Application Serial 

Number 09/639,749 filed on August 17, 2000, which is , :orporated by reference 

in its entirety. This application also claims benefit o priority of provisional 

application 60/279,855 filed on March 28, 2001, wi ;h is incorporated by 
reference in its entirety. 
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application 60/279,855 filed on March 28, 2001, wl :h is incorporated by 
reference in its entirety. 
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entirety. This application is also a continuation-in-part of S. Application Serial 

Number 09/639,749 filed on August 17, 2000, which is im »rporated by reference 

in its entirety. This application also claims benefit of riority of provisional 

application 60/279,855 filed on March 28, 2001, whi i is incorporated by 
reference in its entirety. 
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REMARKS 



The Preliminary Amendment is submitted to correc the filing dates of two 

priority applications Serial Number 09/745,125 and 09/63* 749 provided on page 

1, paragraph 1 of the application, such that these filing « ites correspond to the 

filing dates officially granted to these priority application by the USPTO. The 

corrected filing dates of these two priority applications Iso correspond to the 

filing dates noted for these applications on the Filing Recei] mailed September 14, 



Should there be any questions concerning this appl ation, the Examiner is 
invited to contact the undersigned at the number listed belo 



FOLEY & LARDNER 
Suite 500, 3000 K Street, N.W. 
Washington, D.C. 20007-5109 
Phone: (202) 672-5300 

Fax: (202) 672-5399 

THE COMMISSIONER IS HEREBY AUTHORIZED TO CHARGE ANY Dl ICIENCY OR CREDIT ANY 
OVERPAYMENT TO DEPOSIT ACCOUNT NO. 19-0741. 



2001. 



Respect Uy submitted, 





Date 



Leon Radon sky 
Reg. No. 4 ,445 
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Redlined Version of the Amendment to Show ( mnges Made 



This application is a continuation-in-part of U.S. App cation Serial Number 

09/801,233, filed on March 6, 2001, which is a contr uation-in-part of U.S. 

Application Serial Number 09/745,125, filed on December 21 [22], 2000, both of 

which are incorporated by reference in their entirety. Ti s application is also a 

continuation-in-part of U.S. Application Serial Numbe 09/639,579 filed on 

August 14, 2000, which is incorporated by reference n its entirety. This 

application is also a continuation-in-part of U.S. App cation Serial Number 

09/639,702 filed on August 14, 2000, which is incorpor ed by reference in its 

entirety. This application is also a continuation-in-part of f.S. Application Serial 

w Number 09/639,749 filed on August 17 [14], 2000, wl ch is incorporated by 
O 

>> reference in its entirety. This application also claims benefit of priority of 



O 

=fcfc 



provisional application 60/279,855 filed on March 28, 200 which is incorporated 
by reference in its entirety. 



- 4 - 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 1 of 85 




FIG. 2 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 2 of 85 






CM 


4- 


4- 


O 


721 




CO 







\ 



\ 



CO 



CO 




CM 
O 
CO 



1. 



r 










4- 

2* 


CM 
O 


4* 






CO 





cn 
o 

CO 



1 



t 



O 

CO 

CD 

Urn 



CM 
O 
CO 







Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 3 of 85 




204 



FIG. 7 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 4 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 5 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 6 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 7 of 85 



o 
o 



CM 
CD 



zzzzzzzzz 



2Z2ZZZZZZ 



o 



ZZZZZ2ZZ22 



to 
o 



]* * 

/ 

f^*"* * * * * ✓ / 
> ✓ ✓ ✓ ✓ ' ' ' ' 
* * ****** 
* * 



//'ttittTZZL 



CM 

o 



1 

a. 



✓ 

✓ 4 

* / 

* . 
* * 

'* * * * * ' ' ' 

'///////* 

f //////V// 



rzzzzzzzzz 



'junta-. 



TZZZZZZZZ. 



✓ , 

* * 

* * 

* * 

* * 
' * 

* * 

* 4 

* * 

* 4 

* * 

* * * * ' ' ' ' ; 

^* * * / / / // 

\* * 
* 

* ■ 
* 

* * 
* 

✓ , 

* * 
* 

' * 
* 



[***'''''' 



***'*** * * 
* * 



* * 

* * 
* 

/ ✓ 

✓ 4 
\* * 

* , 
' * 

* * 

' * 



a. 



CZZZZZZZZ 



r> J J J J 
' ' ' * ' SS/, 
<'////<(*'*' 



CO 

o 



ZZZZZZZZZ2 



a. 



Z2ZZZZZZZ 




******* 
- * * * * * 
* * * * * 
* * * * A 
r * * * * * * 
******** 
£../ f t t t t 



ZZZZZZZZZ2 



ZZZZZZZZZ2 



CD 



S * * f * ' 

* * ' 



f.tttmrr. 



cL 



zzzzzzzzz 



•7-7-7-7-7-7 



CD 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 8 of 85 



N+ 



P- 



N+ 



N+ 



N+ 



N+ 



N+ 



N+ 



P- 



N+ 



LEVEL 2 



LEVEL 1 



FIG. 12A 




LEVEL 2 



LEVEL 1 



FIG. 12B 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 9 of 85 



1310 
1304 

1300- 



N+ 
P- 

"N+" 



zzzzz&zzzzz 



SI 




13A 



FIG. 13A 



FIG. 13B 



1310. 



1304 



N+ 



N+ 



►1318 



1306 



14A 



If 



Si 



imz 



J318 

1318 

^14A 
1318 



1306 



FIG. 14A 



FIG. 14B 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 10 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 11 of 85 



CO 



£1 



o 
o 







1 
1 


1 
1 

_ 1 








1 

1 

_t 








1 

t 






CO 





CO 
CO 



CD 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 12 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 13 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 14 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 15 of 85 



o 

CO 









re 


























f 
































f 





















CM 
CM 

CD 



CM 



CO 

CO 



CM 

.2 
\ 




CD 



co 



4- 


1 


4- 


\ 

*M 
IS 


z 


a. 




\ 



\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 



\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 



CO 



CM 
CM 

CD 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 16 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 17 of 85 



to « 



cm 

CO 



Q.QQQQQ< 



i 

cu 



S 
\ 



I 

a. 



v gooooooooooo o * 

c 
c 
c 
c 



/5qqqqqqqqqqq3 



V gooooooooooo T h 




^OQOQOOOQQCLaQ 



« CM 
CD 



CM 

55 



CM 

I 

LU 
—J 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 18 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 19 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 20 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 21 of 85 



2937 



2934 




FIG. 30 



2947 



21 



2944 
2943 



JR AP 



2945 



2948 



M OX I 



2941 



2940 




FIG. 31 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 22 of 85 



o 
to 

CM1 



in 



CM O t-* 

CO CO CO 

0)0 0) 

CM CM CM 




co 

CO 
✓ O) 

CO 
O) 
CM 



CO 

' cn 

CM 





DC 












i 
















a. 


Q 












o 






o 






CD 
LL. 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 23 of 85 





Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 24 of 85 



FIG. 35 




3103 



FIG. 36 



|—^-73 103 



•3101 
-3102 
-3105 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 25 of 85 



FIG. 37 



4001 



BLOCKING 
NITRIDE 



PROTECTIVE 
OXIDE 



1 st GATE 




ONO 


p-ACTIVE 


ELECTRODE 






AREA 



INTER-LEVEL OXIDE 



4013 

.4011 
.4009 
4007 
4005 

4003 



ONO 



FIG. 38 



BLOCKING 
NITRIDE 



p-ACTIVE 
AREA 



401 5^ 




4013^ 



4019 



n+IMPLANTED 
BIT LINES 



4009 



4019 



4017 
^4013 



4009 



INTER-LEVEL OXIDE 



4007 



4003 



4017 4019 4017 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 26 of 85 



FIG. 39 



1 St GATE 
ELECTRODE 





OXIDE 




TiSi2 IN 




SPACER 




BIT LINES 



4007- 



4023 
4017 




4025 



4017 4019 



FIG. 40 



1 st GATE 




OXIDE 




OXIDE 




TiSi2 IN 


ELECTRODE 




SPACER 




FILLING 




BIT LINES 



4027 



4025 




4027 



4025 



4003 



4019 40174023 



4007 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 27 of 85 



FIG. 41 



1 st GATE 




OXIDE 




OXIDE 




TiSi2 IN 


ELECTRODE 




SPACER 




FILLING 




BIT LINES 



4009 



4021 



4029 



4027 4 021 
4029 4 X 1 



4023 



4009 
_A_ 



4021 



INTER-LEVEL OXIDE 



4027 

J- 4025 
.4003 



4043- 



2"d POLY 
GATE 



FIG. 42 

TiSi2 IN 
WORDLINES 



4035 



r— A 



r- B 



f403? 
403K4035 
14033 



4043 
4007 

4023 
4017 




INTER-LEVEL OXIDE 



40194009 4017 



n+ POLY IN 
WORD LINES 



A L^b 



4037 



4027 

J- 4025 
4003 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 28 of 85 



FIG. 43 



OXIDE 


-4027 


FILLING 


4023— 



4041. 



TiSi2 IN 
BIT LINE 



4025-[- 



INTER-LEVEL OXIDE 



n+S/D IN 
BIT LINE 



4017 



40371 
4035 M041 

4033 J 



4027 

4023 
4017 

4003 



FIG. 44 



4009- 



iStpOLY 

GATE 
1— — 



4043' 



2 nd POLY 
GATE 



4037- 
4035- 
40334 

4043-L 
4009- 
4007- 



INTER-LEVEL OXIDE 



p- ACTIVE 
AREA 



J 



4019 



4041 



U043 
-4009 

-4007 
-4019 



4003 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 29 of 85 



FIG. 45 



4100 



1st GATE 



ELEC 1 
4109 



RODE 



41.27- 



4125-{_. 



OXIDE OR 
NITRIDE 
SPACER 

=3 — s 

41214109 4 ! 21 
I ! I 



OXIDE 
FILLING 

M127 



4127 



21 



INTER-LEVEL OXIDE 



TiSi2 IN 
BIT LINES 



J 



4123 



4109 
1_ 



4121 



V 



4127 

4123 
,4117 

.4103 



4105 



4117 4119 4107 



FIG. 46 



4135 



4133' 



2 nd poLY 
GATE 



TiSi2 IN 
WORDLINES 



4141 



4109- 



INTER-LEVEL OXIDE 



n+ POLY IN 
WORD LINES 



4137 

-4137 

-4135 
-4133 

-4127 

J-4125 
4103 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 30 of 85 



FIG. 47 

4200 



4241 
1 



CONTROL 
GATE 



42£2 



4209 



4206 



CONTROL GATE 
DIELECTRIC 





FLOATING 




TUNNEL 




GATE 




OX 


DE 



-4241 




4206 42094221 4227 



4217 4219 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 31 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 32 of 85 



4233- 



2nd poLY 
GATE 



FIG. 50 

42£5 



TiSi 2 IN 
WORDLINES 



n+ POLY IN 
WORD LINES 



~4237 



4241 

4212 

4227 
4221 
4209 
4223 
4217 




4219 



4206 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 33 of 85 



FIG. 51 



4300 



4337 
4335 
4333 

4312 
4310 

4329 
4327 

4323 
4317 

4303 



4341 



CONTROL 

GATE/ 
WORDLINE 



4312 



CONTROL 

GATE 
DIELECTRIC 



4309^4310 



FLOATING 

GATE 
(ist&2nd) 



4306 



TUNNEL 
OXIDE 




V4341 



4321 
4329 

4325 



43b9 4319^06 4317 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 34 of 85 



FIG. 52 




4400 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 35 of 85 



FIG. 53 



4441 




4425 



{ 



4451 

/ 



INTER-LEVEL 
OXIDE 



4453 



INTER-LEVEL OXIDE 




4423 
4417 

4403 



4551 



454H 



4525 



{ 



4559 



FIG. 54 



/ 



,4557 4557 



\ 



,4555 4555v 



INTER-LEVEL 
OXIDE 



4547 



Z 



INTER-LEVEL OXIDE 



4549 
I— 4503 

-4527 



-4523 
-h-4517 



—4503 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 36 of 85 



FIG. 55 



4671-— 
4669 — 

1 OXIDE 
4605~~- 

4603 — 



PROTECTIVE OXIDE 



SACRIFICIAL a-Si GATE 



a-Si ACTIVE AREA 



INTER-LEVEL OXIDE 



FIG. 56 



4671- 

4669- 
4667- 
4605- 



r 



4604 CHANNEL 4604 
A OXIDE a 



PROTECTIVE 
OXIDE 



SACRIFICIAL 
a-Si GATE 



a-Si ACTIVE AREA 



INTER-LEVEL OXIDE 



FIG. 57 



4621 



4605 




PROTECTIVE 
OXIDE 



SACRIFICIAL 
GATE 



SPACER WIDTH 



ACTIVE AREA 



INTER-LEVEL OXIDE 



4617 



4619 



4619 4617 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 37 of 85 



FIG. 58 



4623 
An „ SALICIDEIN 

4627 BIT LINES SACRIFICIAL GATE 4621 
4621 / ( 4609 4627 4621 4609 I 4627 

_J \ j/ Z / / 



4605- 
4603- 



INTER-LEVEL OXIDE 



4617 4619 Poly-Si ACTIVE AREA 



4623 



HDP 
OXIDE 



FIG. 59 



4623 
SALICIDE IN 
BIT LINES 



4621 4627 
4627 4621 1 } 4621 

4629 



0*1 1 HQ£I 




HDP 
OXIDE 



Poly-Si ACTIVE AREA 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 38 of 85 



FIG. 60 



4609 



464H 



4609 




4609 

4607 
4605 



4617 4619 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 39 of 85 



4769 

4701 BL 1-1 2__ 



FIG. 62 

4721 
BLI 



WLJ-1 
4722- 



BL 1+1 



CRYSTALLIZATION MASK LTO 



SAC a^Si LT0 SPACERS 

UNDER 
LTO 



4701 
WINDOWS 
TOa- 
ACTIVE 
AREA 




SAC a 
GATE 
UNDER 
LTO 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 40 of 85 



FIG. 63 



J12^ 4 \ 71 - 




LTO SPACER 

WIDTH /476 9 




A 4701 [ 


PRO- 
TECTIVE 


\ 


1 


OXIDE 


X47OI ' 






SAC. a-Si 


GATE 




a-Si ACTIVE AREA 


INTER LEVEL OXIDE 



FIG. 64 

.4722. 



4701 



SPACER 



4701 



LTO 



4701 



4705- 



a-Si ACTIVE AREA 



INTER LEVEL OXIDE 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 41 of 85 



FIG. 65 



WLJ-1 



SAC POLY- 
SI GATE 
UNDER 
LTO 

BL 1-1 V 4701 



BL 



SAC POLY 
SI GATE 
UNDER 
LTO 



WLJ 



BL 1+1 



CRYSTALLIZATION MASK LTO 



SAC POLY- 
SI GATE 
UNDER 
LTO 



SAC POLY- 
SI GATE 
UNDER 
LTO 



v « Si GRAIN 
BOUNDARIES 
y' 4702 



4702- 
WLJ+1 



CRYSTALLIZATION MASK LTO 



SAC POLY- 
SI GATE 
UNDER 
LTO 



-4 



Si GRAIN BOUNDARIES 
4702 



SAC POLY- 
SI GATE 
UNDER 
LTO 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 42 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No. : 09/927,648 
Page 43 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 44 of 85 



OO 



—5098 


—5098 


—5098 





























































































CO 
OO 
"CD 
LO 



oo 

CD 
LO 



CM 
OO 
'CD 
LO 



CD 
CO 
'CD 
LO 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 45 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 46 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 47 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 48 of 85 




CM 



CO CO C\J 

to lo 

LO LO LO 



5152 






5150 






5148 






5146 







Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 49 of 85 



C\] 



eg 



CM 



ID 



CD 
LO 



CD 

T— 

LO 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 50 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 51 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 52 of 85 



i3 




\Z2 



CO 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 53 of 85 



FIG. 77 



POLY SILICON 5170 
OXIDE 5168 
NITRIDE 5166 
OXIDE 5162 

POLY SILICON 5164 




FIG. 80 




sm^ y/A V/A Y//A 

5184 



5182 



.5186 



>5180 



Si 



J 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 54 of 85 



FIG. 78 




0 0 0 0 

© _ 0 0 0.0 0 



5172 

-6- 



© 0 
0 



O © 



© 
0 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 55 of 85 



FIG. 81A 

5114 

f> 

4 ,5136 
} 5120 

^5118 

^5116 



FIG. 81B 



OXIDE 



5136 
} 5120 
^5118 



FIG. 81C 

5192 5192 5192 

^ 



OXIDE 



,5190 



^5136 

} 5120 
✓^5118 



5116 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 56 of 85 



FIG. 81 D 



5192 

-2- 



5190. 



5190. 



5192 5192 

4=, -4 

5190. 



^5136 

} 5120 
^5118 



5116 



5190. 



5190. 



FIG. 81E 

X 

5190. 



n+ 

? 



w5136 

} 5120 
5118 



5116 



FIG. 81 F 



5136> 



5194 



5194 



5194 



4 



} 5120 
5118 



5116 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 57 of 85 



FIG. 81G 



5194 



5198 



5198 



5198 




5196 



} 5120 
^5118 

^5116 



5190> 
5194 



FIG. 81H 

5198 5198 5198 






> 5120 
sv5118 



5116 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 58 of 85 



FIG. 82A 




5200 



FIG. 82B 




5202 



5200 



FIG. 82C 



5204 



•NITRIDE 



P-TYPE a-Si 



,5202 



OXIDE 



,5200 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 59 of 85 



MASK 



FIG. 82D 



5206 




5204 
5202 



5200 



FIG. 82E 

n r^ 5 206 ,5204 




FIG. 82F 

5208 5208 



5204 
5202 



OXIDE 



,5200 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 60 of 85 



FIG. 82G 




FIG. 82H 

5124 5124 5124 
5212 . ) 5212 ) 5212 ) 5212 

OXIDE 



FIG. 82I 



5220 




5216 5216 5216 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 61 of 85 



FIG. 83A 

5253 



5247 



FLOATING 
GATE 



5259 
5232" 



5233 



BL 

(SOURCE) 



255 



5247 5249 5251 



7 — X 



~Z~ 



7 <\ 



zx 



5233 



7 ^ 



BL 
(DRAIN) 
E 



5245 



3 



CHANNEL 

SILICON 
^ 




£5245 



OXIDE 
FILL 



f 5251 



INTERPOLY 
DIELECTRIC 



r 5239 



CONTROL 
" GATE 



TUNNEL 
- OXIDE 

— C 



5249 



5237 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 62 of 85 



FIG. 83B 



5257 5241 5256 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 63 of 85 



FIG. 84 



5232 



CELL 
TRANSISTOR 



5243A- 



SOURCE 
BITLINE 

5233A^ 



A 



5261 



ACCESS 
TRANSISTOR 



5239 



WORDLINE 



5243B 



3 



7 ^ 



5237 



7 ^ 



-5251 



DRAIN 
BITLINE 



V 



5233B 



5265 5263 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 64 of 85 



FIG. 85 



5267 



£5239 




5233A 



5233B 



5243A 5243B 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 65 of 85 



FIG. 86A 



5233 



5245 





5233A 5245 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 66 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 67 of 85 



FIG. 86E 



5245 5237 5249 



5247 



5245 




5239 



FIG. 86F 



5233 






'/// 





















V 

5243 



5245 



5235 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 68 of 85 



FIG. 86G 



FIG. 86H 



5275- 



5247 
5249 
5237 



5277 

5247 
5249 



-5237 



5233 5245 5233 



FIG. 861 



5247 
5249 



V: 



-5279 
5237- 



FIG. 86J 



5247- 
5249- 




281 



-5237 



5233 5245 5233 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 69 of 85 



to 

C\J 
CO 

to 



^— CO 
CXI 

CO co 
to ^> 



CO 

>- CD 
_l 

o 



CO 

o 



DC 
i — 

o 



CO 


LO 






CO 


CO 


LO 

( 


LO 

( 


1 — 






LL 






1 — 




O 


CO 




CO 


(NMO 
ODY) 




ID 




DIFF 


>-CQ 












O 
Q_ 




ON 

\\J 1 N 


□L 








oo 



CO 

o 

IS 

uj{Z 
o 

















DC 




LU 












OH 




! 




J 




<c 




1— 




LU 







I |S 

co co £2 
10 lo $ 



CO 

O 



IS 

LU t 



CD 



LO 

O 
CO 
LO 



£=<C 
CQ DC 

<£ UJ 

ceo 

oo 

Q.CO 



CO 
LO 



J 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 70 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 71 of 85 



FIG. 88C 



5339 





Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 72 of 85 



FIG. 88D 



5329 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 73 of 85 



FIG. 89 



5317 5329 




5319 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 74 of 85 



FIG. 90 



Programmed high VT 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 75 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 76 of 85 



FIG. 92 

5350= 



CROSS COUPLED 
INVERTERS (LATCH 
TRANSISTORS) 



5391,5392, 
5394, 5395 



~J 5383 ^ 
5348 
5381 



5395 



ACCESS 
TRANSISTORS f= 

5389, -J 
5390 



5380 



5385 5386 53 | 87 5388 




5348 



5396 



5398 



) 5399^ 5397' 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 77 of 85 



FIG. 93 



•5408 



GROW OR DEPOSIT THICK 

OXIDE LAYER ON L^5406 
STANDARD SILICO N WAFER 

I 

DEPOSIT THIN a-Si LAYER - 541 4 



DEPOSIT SACRIFICIAL I ^5 418 
LTO LAYER 



PATTERN AND ETCH 
LTO LAYER TO OPEN 
SEEDING WINDOW 



DEPOSIT TRANSITION 
METAL CATALYST 



ANNEAL FOR LATERAL 
CRYSTALLIZATION 

I 

STRIP TRANSITION METAL 



. ^419 



STRIP LTO 



,5426 



,5430 



,5432 



,5434 



HI TEMPERATURE ANNEAL 



,5436 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 78 of 85 



FIG. 94A 



a-Si 
BURIED OXIDE 



SILICON SUBSTRATE 




FIG. 94B 



5422s 



FIG. 94C 



5422^ 



FIG. 94D 



5424 



5424 



FIG. 94E 



5420 








LTO 



a -Si 



BURIED OXIDE 



SILICON SUBSTRATE 



MASK 



LTO 



a -Si 



BURIED OXIDE 



SILICON SUBSTRATE 



MASK 



LTO 



a -Si 



BURIED OXIDE 



SILICON SUBSTRATE 




r 



5422 




•5422 




-5428 



a-Si 



BURIED OXIDE 



SILICON SUBSTRATE 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 79 of 85 



FIG, 94F 



5420 



5424 




-5428 



LTO 



Si — ' L-Si 



ia-Si 



BURIED OXIDE 



SILICON SUBSTRATE 



-5420 
-5416 

-5410 
-5412 



FIG. 94G 

5420 
5438 




LTO 



Si 



BURIED OXIDE 



SILICON SUBSTRATE 




FIG. 94H 



Si 



BURIED OXIDE 



a -Si 



SILICON SUBSTRATE 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 80 of 85 



FIG. 95 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 81 of 85 



FIG. 96 

(PRIOR ART) 



5510 





Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 82 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 83 of 85 




Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor(s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 84 of 85 



FIG. 100 

(PRIOR ART) 



BL(k-1) 




BL(k) 




BL(k+1) 















WL(j-l) 



WLG) 



WLG+I) 



Title: DENSE ARRAYS AND CHARGE STORAGE 
DEVICES, AND METHODS FOR MAKING SAME 
Inventor (s): Thomas H. LEE et al. 
Appl. No.: 09/927,648 
Page 85 of 85 



FIG. 101 

(PRIOR ART) 



5626 



POLYSILICON 
CONTROL 




0N0 
TRAPPING 
DIELECTRIC 



CHARGE TRAPPED HERE 
DURING PROGRAMMING 



5628 



5618 



5612 



SOURCE FOR 
PROGRAMMING 




BURIED N+ 
BITLINES 



DRAIN FOR 
PROGRAMMING 



A 



